Purpose: To identify the prognostic factors that could influence survival and to compare prognoses of the patients with the number of the risk factors that might assist in the adequate management of hepatocellular carcinoma (HCC) patients with bone metastases that showed a heterogeneous range of survival. Materials and Methods: A total of 41 patients, treated with radiotherapy (RT) for bone metastases from HCC from 2014 to 2017, were enrolled retrospectively. Survival was determined by the Kaplan-Meier method from the start of the RT for metastatic bone lesions. Pre-RT clinical features were evaluated and their influences on survival were analyzed. The significant factors were considered to compare survivals according to the number of prognostic factors. Results: Median follow-up was 6.0 months (range, 0.5 to 47.0 months). The median overall survival was 6.5 months, and the 1-year and 2-year survival rates were 35.5% and 13.5%, respectively. Multivariate analysis revealed that the Child-Pugh class A group, alpha-fetoprotein increased more than 30 ng/mL, and HCC size of more than 5 cm were associated with worse overall survival. The median survivals in HCC with none, 1, 2, and 3 of the aforementioned risk factors were 19.5, 9.0, 2.5, and 1.0 months, respectively (p < 0.05). Conclusion: Our results show that the overall survivals were significantly different according to the number of the risk factors among HCC patients with bone metastases who showed various lengths of survival.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer and second leading cause of cancer death in South Korea [1] . With advancements in both the diagnosis and treatment of HCC, the median survival times improved markedly from 17.2 months in 2003-2005 to 28.4 months in 2008-2010 [2] .
In the past, the survival of HCC was too short to consider metastases as a problem in patients. Before the 20th century, bone metastasis from HCC was rarely reported; for example, only a 0%-5% incidence was reported in a previous study performed in the 1980s [3] . However, the diagnosis of bone metastases has increased recently due to the prolonged Prognostic factors in hepatocellular carcinoma patients with bone metastases https://doi.org/10.3857/roj.2019.00136 survival of HCC patients and the advancements in bone imaging techniques [4, 5] . Bone is now one of the major metastatic sites and accounts for approximately 25.5% to 38.5% of the extrahepatic metastases from HCC [6] [7] [8] [9] [10] . Bone metastases from HCC are highly vascularized lesions that can cause severe pain and structural and functional destruction, such as pathologic fractures and neurologic deficits. As a result, there is an enormous deterioration of the patients' quality of life (QOL) [11] . Radiation therapy (RT) is the widely accepted and preferred treatment modality for metastatic bone lesions, potentially offering symptomatic palliation of painful sites. Symptom relief following RT was obtained in approximately 60% to 95% of the patients and a complete pain response in up to 32% [12] [13] [14] [15] . Furthermore, prevention of pathologic fractures and neurological sequelae could be achieved by RT [16] .
Recently, physicians have more frequently encountered HCC patients with bone metastases who have varying lengths of survival. Median overall survivals were reported from 3 to 11 months [11, 13, 14] , and the prognostic factors were heterogeneous [6, 11, [13] [14] [15] [17] [18] [19] .
In this aspect, the aim of this study was to identify the prognostic factors that could affect survival in HCC patients with metastatic bone lesions receiving radiation therapy. Additionally, we tried to compare survivals of the patients according to the number of the risk factors.
Materials and Methods
A total of 41 patients receiving RT for metastatic bone lesions from HCC between January 2014 and June 2017 were analyzed retrospectively ( Table 1 ). All medical records of each patient were reviewed after the approval of the Institutional Review Board of Dong-A University Hospital (No. DAUHIRB-18-220).
Clinical evaluation
Metastatic bone lesions were diagnosed by radiological imaging studies, such as computed tomography, magnetic resonance imaging, whole body bone scintigraphy, or positron emission tomography. A metastatic bone lesion with an expansile soft tissue mass observed outside the bone boundary was considered as an extra-osseous extension.
Pretreatment evaluation was performed at the start of the RT, including medical history taking, physical examination, liver function test, serum alpha-fetoprotein (AFP) level (0-15 ng/mL) evaluation, and imaging studies. The liver function of the patients was assessed with Child-Pugh (CP) classification. [20, 21] ; and less than 30 ng/mL of serum AFP level vs. more than 30 ng/mL.
Radiotherapy
Palliative RT was applied in cases of metastatic bone lesions of spinal cord compression, pain affecting the patients' QOL, high risk of pathologic fractures, and weight-bearing sites without symptoms. Gross tumor volume (GTV) was contoured as the enhancing mass and osteolytic or osteoblastic changes of the bone in planning CT or diagnostic images. For hypofractionated RT, clinical target volume (CTV) included GTV plus a 2-3 cm margin longitudinally and 1 cm axially in long bones and 1-2 cm in all directions in the other bones. Planning target volume (PTV) was formed by expanding 7-10 mm from the CTV. For stereotactic body radiotherapy (SBRT), CTV included the gross tumor and the involved spine. PTV was produced by adding 0-2 mm to the CTV [22, 23] . SBRT was applied to the lesions limited to the vertebral bodies with oligometastases, and hypofractionated RT was conducted for all other patients.
Hypofractionated RT and SBRT were planned with Eclipse version 8.6 (Varian, Palo Alto, CA, USA) and iPlan version 3.0 (Brainlab, Feldkirchen, Germany), respectively. They were performed using Varian iX (Varian) and Novalis (Brainlab), respectively. Total irradiation dose, fraction size, and the modality of RT were determined by the sites of metastatic bone lesions and adjacent normal structures.
Response evaluation
The pain response evaluation after RT was conducted by referring to the guidelines of the International Bone Metastases Consensus Working Party palliative radiotherapy endpoints [12, 24] . Complete response (CR) was defined as the absence of pain after radiotherapy, partial response (PR) as a score of at least a 2 points reduction in numeric pain rating scale (NRS) scores, progressive disease (PD) as increasing NRS scores of more than 2 points, and stable disease (SD) as the status of neither PR nor PD. The radiologic response was evaluated by modified RECIST [20] . Both pain and radiologic responses were assessed using the first follow-up consultation and imaging studies within 1 to 4 months after the end of the RT.
Statistical analysis
Survival analyses were performed with the Kaplan-Meier method, and the periods of survival were from the start of the RT for bone metastases to death or the last follow-up date. A log rank test was used to identify the survival differences in each clinical characteristic. The features that had statistically significant differences in survival were analyzed by the Cox multivariate proportional hazard regression model for multivariate analyses. All statistical analyses were carried out with SPSS version 25 (IBM Corp., Armonk, NY, USA). A p-value of less than 0.05 was considered statistically significant.
Results

Clinical features
Among the 41 patients receiving RT for bone metastases from HCC, 7 patients (17.1%) were alive at the end of the followup. The median follow-up duration was 6.0 months (range, 0.5 to 47.0 months). The median age of the patients was 63 years old (Table 1) . Of the 41 patients, 35 (85.4%) were male, and 19 patients had an ECOG performance status 0 or 1. Most patients (78%) were in CP class A, and 24 patients showed an elevated AFP level more than 30 ng/mL. Primary tumor size in the diagnoses of the bone metastases was less than 5 cm in 21 patients. The primary tumor progressed in 17 patients compared with the previous tumor status.
Radiotherapy
Among 41 patients having bone metastases from HCC, 57 metastatic bone lesions were irradiated ( Table 2 ). The spine (n = 23, 40.4%) was the most common bony structure of metastases followed by pelvic bone (n = 14, 24.6%). RT was planned using three-dimensional conformal radiotherapy (n = 40, 70.2%) or intensity-modulated radiotherapy (n = 17, 29.8%). Hypofractionated RT was performed in 48 lesions (84.2%) and SBRT in 9 lesions (15.8%). The median total prescription dose for hypofractionated RT and SBRT was 30 Gy (range, 12 to 60 Gy) and 24 Gy (range, 21 to 27 Gy), respectively. Furthermore, the median fraction dose for hypofractionated RT and SBRT was 3 Gy (range, 3 to 4 Gy) and 8 Gy (range, 7 to 9 Gy). After correcting the different fraction sizes with biologically equivalent dose (BED) and the α/β-ratio of 10 Gy, the median BED of the total irradiation dose was 43.2 Gy 10 (range, 15.6 to 84 Gy 10 ).
Pain and radiologic response
Fifty-four out of 57 metastatic lesions were assessed for pain response. CR was achieved in 3 lesions (5.6%), and PR was achieved in 32 sites (59.3%). The overall response rate was 64.8%. The PD and SD rates were 11.1% and 24.1%, respectively. For the remaining three sites without pain assessment, the patients did not complain of pain when they first came to receive RT. Radiologic response was not available for all irradiated bone lesions. Among the 57 irradiated metastatic sites, there were 18 lesions without follow-up study due to deterioration of the patients' condition or transfer to another hospital, such as a hospice center. Thus, radiologic responses were evaluated in 39 lesions. Only one lesion showed CR (2.6%), and 14 (35.9%) reached PR. PD and SD were in 14 (35.9%) and 10 (25.6%) lesions, respectively.
Survival analysis
The median overall survival time was 6.5 months (95% confidence interval [CI], 4.5-8.5). The 1-and 2-year survival rates after diagnosis of bone metastases were 35.5% and 13.5%, respectively (Fig. 1) . The number of patients who died from the progression of intrahepatic and extrahepatic tumors was 9 (26.5%) and 8 (23.5%), respectively. Cancer-unrelated death was reported in 12 patients (35.5%) and unknown causes in 5 (14.7%).
Among the clinical features, the ECOG performance status group (p = 0.011), CP class group (p = 0.024), AFP >30 ng/ mL (p = 0.001), gamma-glutamyltransferase (11-53 U/L) level (p = 0.002), primary tumor size (p = 0.040), and primary tumor control status (p = 0.022) were considered statistically significant features for survival. Among these factors, the CP class group (p = 0.036), AFP >30 ng/mL (p = 0.008), and primary tumor size (p = 0.042) were identified as significant risk factors from the multivariate analysis (Table 3) .
Triage system
To evaluate the effect of the previously mentioned three factors on the survival, patients were divided into four groups by the number of statistically significant prognostic factors. The median survival times were 19.5 (95% CI, 15.2-23.8), 9.0 (95% CI, 5.6-12.4), 2.5 (95% CI, 0-5.0), and 1.0 (95% CI, 0.2-1.8) months for the groups with months for the groups with none, 1, 2, and 3 of the significant risk factors, respectively (Table 4 ). Fig. 2 shows the corresponding 6-month survival rates of 80%, 67.4%, 16.7%, and 0% for each group, respectively.
Discussion and Conclusion
Because the diagnosis and treatment technology for HCC have improved, survival time has been prolonged. In South Korea, according to the Annual Report of Cancer Statistics, the 5-year relative survival rate was markedly increased from 10.7% to 34.6% during the last two decades, and the mortality rate also has decreased [25] . This trend has led to an increase in the frequency of distant metastases due to HCC progression because the survival duration has increased. Currently, bone metastases are one of the most common sites of extrahepatic metastasis of HCC, and bone metastases in 80% of HCC patients have been reported as the first extrahepatic sites [6] . In this situation, bone metastasis is a very important issue because it causes severe problems such as neurologic deficits as well as enormous pain, which dramatically hinders the QOL of patients. RT universally alleviated pain in about 60%-95% of bone metastases from HCC, but the survival of the patients was heterogeneous [12, 15] . In the clinical setting, patients with metastatic bone lesions from HCC show very different survival periods, as reported previously [11, [13] [14] [15] 17, 19] . As shown in Table 5 , the median overall survival after bone metastases was significantly different from 3-14 months. Even in other reports, wide range of survivals such as 1-48 months or 3-55 months were observed [13, 14] . If we know the cause of the difference in the survival rate, we will be able to apply tailored treatment for the metastatic bone lesions from HCC. Therefore, identifying prognostic factors that affect these differences in the survival rates may be helpful in setting treatment aims for patients. In this study, CP class, AFP >30 ng/mL, and primary tumor size were found to be prognostic factors, but they were not consistent with other studies ( Table 5 ). Harding et al. [6] performed a similar study that evaluated 151 patients with bone metastasis among 459 patients with HCC. Their results showed that the AFP level, CP class, and skeletal-related events were the statistically significant factors that affect survival, similar to the factors in this study. Several other studies presented various prognostic factors in bone metastases from HCC. Among them, the CP class and AFP level were shown to be a prognostic factor를 prognostic factors in three [6, 11, 14] , and two studies [6, 15] , respectively.
In general, an increase in AFP has been reported to have a negative impact on survival in patients with HCC [26, 27] .
However, the prognostic significance of AFP was rarely mentioned in patients with bone metastases from HCC. In this study, survival was not significantly affected until the AFP reached more than 30 ng/mL. Among 26 AFP elevated patients, AFP >30 ng/mL was in 24 (92.3%). Therefore, AFP elevation alone was not considered to represent the entire AFP elevated patients. Accordingly, we performed a comparison of survival between AFP ≤30 ng/mL versus AFP >30 ng/mL. The clinical implication of AFP >30 ng/mL could in part come from a small number of patients in the present analysis.
The status of primary tumor was often reported as a prognostic factor in patients with bone metastases from HCC [15, 18, 19] . In this study, it had no statistical significance in the multivariate analysis although it was a significant factor in the log rank test. Seventeen of the 41 patients showed primary tumor progression in pre-RT evaluation, and only eight of them died of intrahepatic tumor progression. The remaining causes of death were three cases of extrahepatic tumor progression, four cases of cancer-unrelated causes, and two cases of unknown causes. The impact of primary tumor control status on survival was insignificant and might be affected by the small sample size. Therefore, further studies with a large patient number are needed. Sites and pain response of bone metastases were not analyzed for survival. The reason for this was as follows. Among the 41 patients, 13 patients underwent RT for multiple bone metastatic sites simultaneously, and in 1 patient four lesions were treated during the same treatment period. Furthermore, the pain and radiologic response were not constant in patients treated for multiple sites. There was a difference in the degree of pain and radiologic response depending on the treatment site. Selection of a representative site might cause additional biases in the survival analysis. Moreover, the radiologic response analysis was limited because of the lack of follow-up imaging studies in almost one-third (31.6%) of the total irradiated metastatic bone lesions.
To our knowledge, this is the second study that divided patients with bone metastases from HCC according to prognostic classification following Rim et al. [18] . The present study compared the survival rates according to the number of significant prognostic factors, CP class, AFP >30 ng/mL, and primary tumor size. Six-month overall survivals with no, one, two, and three prognostic factors were 80%, 67.4%, 16.7%, and 0%, respectively. Accordingly, we suggest that bone metastases from HCC with no or only one risk factor might be considered as candidates for active management.
Based on the difference in survival lengths according to the number of risk factors, we could divide them into three risk groups. For the low-risk group with no risk factor, treatment might be focused on both metastatic and primary lesions. Therefore, patients in this group could be offered active treatment for metastatic sites by surgery or SBRT, and additional care for primary HCC. Patients might benefit from relief of pain or neurologic symptoms, and prolonged survival as well. For the intermediate-risk group with only one risk factor, it is advisable to identify the primary tumor status or liver function and proceed with care accordingly. The high-risk group of two or three risk factors had only 1-2.5 months of median overall survival, and 0%-16.7% of 6-month survival rate. For this group, the best supportive care for symptom palliation and hospice services should be considered, which could help relieve the patient's economic and physical burden. Therefore, shorter periods of RT might be suggested.
Disease-specific graded prognostic assessment (GPA) for spinal metastases from HCC was proposed by Rim et al. [18] , based on prognostic factors such as the ECOG performance status, controlled status of primary HCC, and extrahepatic metastases other than bone. The median survival durations were 13.6, 4.8, and 2.6 months, and the 1-year overall survival rates were 58.3%, 17.8%, and 7.3% for the low-, intermediate-, and high-risk patient groups, respectively (p < 0.001) [18] . There was a difference in the prognostic factors presented, and none of the factors coincided with each other. Despite these differences, GPA may provide useful information in the prognosis when making clinical decisions. Thus, the development and validation of this GPA could be a great help in determining the treatment strategy of patients.
This study has some limitations. First, this is a retrospective study. This may lead to selection bias, such as treatments other than RT, refusal of RT, etc. Additionally, it should also be noted that only patients who received radiation therapy, not the entire group of bone metastases from HCC, were included in this analysis. Second, this study had a relatively small number of patients. The numbers of the patients were not uniform when dividing the groups by clinical factors, and only a small number of patients were included in some groups even when analyzed according to the number of prognostic factors. This will require further verification through additional studies.
In conclusion, the patient classification by the number of prognostic factors showed significantly different survivals, and therefore it may help to determine a patient-specific treatment according to risk stratification. Subsequent studies will be helpful in clinical practice to distinguish which patients need either active local treatment or best supportive care.
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